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ABSTRACT 

The fluid-bed pretreatment of low-rank Goals in nitrogen, 
air, carbon dioxide and steam atmospheres was investigated in 
a bench-scale unit at atmospheric pressure, and at maximum 
temperatures of 400° to 720°F, in a study of the production of 
non-agglomerating, reactive chars suitable for fluid-bed hydro- 
genation to pipeline gas. Reactivities of the chars in respect 
to methane and ethane production were determined in batch 
hydrogenation tests at 1350°F, approximately 17 standard cubic 
feet of hydrogen per pound of char and approximately 3000 psig 
maximum pressure. 

The results of this study indicated that the optimum pre- 
treatment temperature is 6 0 0 ~ ~  for bituminous coal and 5OOOF for 
lignite, and that there is little variation in the reactivity. 
of the chars produced in nitrogen, air and steam atmospheres. 
The chars produced in a carbon dioxide atmosphere showed con- 
sistently lower reactivity. substantial agglomeration during 
pretreatment or hydrogasification occurred only with high- 
volatile bituminous coal. The extent of agglomeration increased 
with increases in pretreating temperature, and in steam and 
carbon dioxide atmospheres. Under the routine test conditions, 
the chars produced 50 to 55 weight percent (moisture-ash-free) 
of pipeline gas containing 70 to 80 mole percent of methane plus 
ethane upon reaching a hydrogasification temperature of 13500F. 
At higher hydrogen/char ratios , substantially higher conversions 
of pretreated lignite were attained. 
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K. C. Channabasappa and H. R. Linden 
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Studies of methods for supplementing base-load natural gas re- 
quirements have indicated that conversion of coal to high-methane 
content gas, in areas where long-distance transmission lFnes pass 
through Coal fields near the major market areas, may be the most 
economical method for transporting this source of energy to the 
domestic consumer in readily usable form. 
duction of pipeline (900 Btu/SCF*) gas is dlrect hydrogenation of 
low-rank coals to rnethane.3,4,5,7'11,27 In such a process, the 
residual char may be used for hydrogen production by suspension-gas- 
ification with steam and oxygen, or for meeting fuel requirements. 
Essentially complete hydrogasifiaation of lignites and some sub- 
bituminous coals may also be feasible; in t h i s  case hydrogen could 
be produced by reforming of product gas or of a relatively small por- 
tion of the primary natural gas supply. 

Hydrogasification has three major advantages over the production 
of pipeline gas by the two-step partial coal oxidation-synthesis gas 
methanation (1) large reduction, or potential elimina- 
tion, of oxygen requirements, (2) elimination of the extreme synthesis 
gas purification requirements prior to catalytic methanation and ( 3 )  
greater them1 efficiency through reduction of exothermic heats of 
reaction.2e These potential advantages should constitute adequate , 
justification for attempting to determine whether the design of a 
hydrogasification reactor suitable for large throughput rates, and 
with facilities for residual char removal, is feasible. 
of batch reactor tests, engineering studies and operation of pilot 
plant-scale models, it appears that the optlmum design requires fluid- 
bed operation with parallel upward f l o w  of dry pulverized coal and 
hydrogen at temperatures of 1300° to l 4 O O O F  and pressures of more 
than 1000 psig. 
gasification chazacteristics of available coal feeds would be 
essential for successful operation of such a reactor. 

In the first phase of this investigation, it was demonstrated 
in batch reactor tests that essentially olefin-free gases containing 
60 to 80 volume percent methane could be produced by hydrogasifica- 
tion of an Illinois bituminous coal,2e a Wyoming subbituminous coal 
and North Dakota lignite at 135O0F and 2500 to 3500 psig. By adjust- 
ment of hydrogen/coal ratios, gasifications on an ash- and moisture- 
free basis up to 80 weight percent were obtained with bituminous coal, 
and over 90 weight percent with lignite. 

One method for the pro- 

On the basis 

A thorough knowledge of the agglomeration and hydro- 

It was a l s o  noted that after 

Standard cubic foot at ~ O O F ,  30 inches or" mercury pressure, 
saturated with water vapor. 
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preheat-g of these coals in the batch reactor to 6000 to 700°F at 
atmospheric pressure in a nitrogen atmosphere, substantially higher 
rates of Ugh heating value gas production were obtained at the ex- 
pense of converting a relatively small portion of .the coal to low 
heating value gases durbg pretreatment. However, the resid-ses ob- 
tained at the end of hydrogaslfication were agglomerated, the degree 
of agglomeration being most severe with bitumi.mus coal. Since this 
would be detrimental to the smooth operation of a continuous fluid- 
bed hydrogasification unit, the need for a pretreatment step-gielding 
non-aggloloeratitng, reactive chars was indicated. 

conditions has been obtained in the development of processes f o r  the 
production of smokeless f'uels, and in studies of upgading of high- 
moisture content, low-rank coals for power plant, carbonization and 
metallurgical uses. l6 , 20-23 ,25 
of investigations concernedwith Peducing the caking or agglomeration 
tendencies of coal. For this purpose, thermal pretreatment at temp- 
eratures up to 8 0 0 0 ~  for partial removal of volatile constituents, 
often in the presence of an oxidizing atmosphere, is generally 
practiced.6 9 l7 9 l9 9 25 Control of agglomeration by dilution with recycle 
char15 and vi*& inert solids13 has also been recommended. 
in Fnert atmospheres before hydrogenation has been found to result 
in the elimination of a considerable fraction of %e oxygen content 
in the form of carbon oxides, thereby raising the 
content of the coal.2s 

quantity and composition of the gas evolved in the distillation of low- 
rank coals have been investigated extensively. 
show that as the temperature is raised, oxygen-containing substances 
break down to form water, carbon &oxide and carbon monoxide. Highest 
rates of carbon dioxide evolution occur between 4000 and 6 0 0 0 ~ .  As 
temperatures are increased filrther, hydrocarbon and hydrogen evolution 
represents the major portion of the increasing gas yields from bitumi- 
nous and subbituminous coals; lignites tend to evolve mainlg carbon 
oxides. 

A consicierable volume of literature also exists on pretreatment 
of coal with various acids, acid salts, nitric oxide, s u l f u r  or SW 
compounds and caustic prior to hydrogenation.18 However, the relative 
effects of these chemical pretreatment procedures on coal reactivity 
are not clearly aef ined. 

APPARATUS AND P R O C E D W  

The laboratory-scale coal pretreatment unit used in t h i s  study 
consisted of a pyrex fluid-bed retort, 1-3/4 inches inside diameter 
and 30-1/2 inches long with a 3-1/8 inch inside diameter, 15-ind-1 long 
disengaging section. The retort closure was equipped with an 11/32 
inch outside diameter thermocouple well which protruded very nearly to 
the bottom of the reaction zone. 

The retort was heated by tvo circular electric furnaces. The low- 
er one was 5 inches inside diameter and 12 inches long and had a rating 
of 2.5  kilowatts; the upper one was 2-3/8 inches inside diameter and 12 
inches long and had a rating of one kilowatt. The disengaging section 
was heated with an electro-thermal tape. 
with a cyclone separator and a water-cooled condenser. 
sketch of the apparatus is shown in Fig. 1. 

through 100-mesh) 
48;2 the dry coal was charged to the reactor at room temperature and 
was heated to the desired temperature at a rate of about 12OF per minute 

Much of the published information useful Fn selecting pretreatment 

Of particular interest are the results 

Preheating 

available" hydrogen 

The effects of temperature, residence time and atmosphere on the 

These studies 

The unit was also equipped 
A diagramatic 

Three-quarter pound batches of powdered coal (88-98 weight percent 
were dried atllO°C accordFng to ASTM method D 271- 
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THERMOCOUPLES 

PRESSURE 

Fig. 1. -mW DIAGRAM OF FLUID-BED COAL PRETFEATPNT LABOMTORY UNIT 



Measured volumes of nitrogen, a i r ,  carbon dioxide or steam, a t  rates 
suff ic ient  t o  keep the coal bed In a f luidized s t a t e ,  were preheated 
in an e lec t r i c  furnace t o  8000 t o  l O O O o F  and Fntroduced a t  the bottom 
of the r e to r t .  

Temperatures a t  the bottom, center and upper zones of the r e t o r t  
were sensed w i t h  chromel-alumel thermocouples and measured by a 
Wheelco temperature indicator. 
standard mercury manometer. 

The feed gases used as f luidizing media together xFth the f ixed  
gas evolved from the d i s t i l l a t i o n  of the coal charge were passed throU@ 
a 60-millimeter outside diameter f r i t t e d  glass d i sc  kept a t  400°F, and 
a cyclone separator, t o  remove the suspended coal par t ic les  from the 
outgoing gas. 
was measured by wet-test meter and was stored in a gasholder .  Sirmil- 
taneous readings of temperatures, pressures and volumes of i n l e t  and 
out le t  gases were recorded a t  intervals  throughout the progress of t?le 
Tun. 

Gas samples were taken a t  intervals  by bleedFng the sample intc 
an evacuated 200 cc gas analysis bot t le .  A t  the conclusion of the run, 
the e lec t r ic  current was shut off and a composite gas sample was taken 
from the gas holder. After the r e t o r t  cooled, i t  was opened end the 
sol id  residue recovered. The weights of the l iqu id  condensate and of 
the so l id  residue were recorded. 

Co. Model 21-103 mass spectrometer and specific grav i t ies  and heating 
values were calculated from the analyses. 
heatlng values were calculated f o r  the conditions of ~o 'F,  30 inches of 
mercury absolute pressure and saturation w i t h  water vapor, assuming the 
ideal gas l a w .  Specific gravi t ies  were calculated on a dry basis from 
the average molecular w e i g h t  of the gas referred t o  air of molecular 
weight 28.972. 

Since the gas samples taken a t  intervals  dur- the test period 
differed in  composition, the properties of the composite sample taken 
from the gas-holder a t  the end of the runwereused t o  determine the 
w e i g h t  f rac t ion  of the coal charge gasif ied during pretreatment. The 
material balance w a s  calculated from the weights of l iqu id  m d  so l id  
products obtained a t  the end of the mrn, and from the weight of the 
f ixed gas ( t o t a l  weight of outlet  gas l e s s  the t o t a l  weight of the feed 
gas) collected in  the gas-holder. 

The so l id  residue was siibjected t o  a screen analysis to  determine 
the extent of agglomeration and was analyzed l n  accordance w i t h  AsTM 
me.thod D 271-48. 

A n  average sample of the residue from pretreatment was crushed 
t o  minus 60-mesh and was charged t o  a one-l i ter  capacity batch hydro- 
gasification reactor to  determine the gas yields and compositions 
obtainable a t  1350'F and about 3000 psig, employing a hydrogen/char 
r a t i o  of about 17 SCF/lb. 
hydrogasification t e s t s  were described previously.26 

Solid residues obtained In these t e s t s  were again subjected t o  
screen analyses t o  determine the extent of agglomeration. 

Pressures were read from a 15-inch 

The gas, a f t e r  passing through a water-cooled condenser, 

Product gas samples were analyzed w i t h  a Consolidated Fagineering 

Product gas volumes and 

The apparatus and procedure employed in the 

YlELDS AND CHARACTERISTICS OF FLUID-BED PRETREATMENT PRODUCTS 

The proximate, ultimate and screen analyses of the pulverized coals 
used i n  the pretreatment studies are shown i n  Table 1. Before charging 
t o  the bench-scale fluid-bed unit the samples were dr ied a t  l l O ° C .  The 
product yields and compositions &ter pretreatment f o r  50 t o  75 minutes 
i n  nitrogen, a i r ,  carbon dioxide and steam a t  flow of 4 t o  6 sCF/lb 
dry coal-hour and a t  maximum temperatures of 400° to  7 2 0 0 ~ ~  are s m a -  
r ized in Table 2. 
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Table l.-PROXIMATE, ULTIMATE AND SCREZN ANALYSE3 O F  COALS 
USED I N  TESTS 

\ 

Coal - 
mgh- 

Volatile 
“B” 

Proximate Aqalysis, w t  $ 
Moisture 4 . 1  
Volati le Matter 34.6 
Ash 6.2 
Fixed Carbon 

T o t a l  

Heating Value, Btu/lb 
(Dry  B a s i s )  13,790 . 

Ultimate Analysis, w t  $ 
(Dry Basis) 
A s h  
Carbon 
Hydrogen 
Sulfw ’ 

Nitrogen + Oxygen 
(By D i r f  erence) 
Total 

Screen Analysis, w t  $ 
+ 40 Mesn 
+ 60 Mesh 
+ 80 Mesh 
+IO0 Mesh 
+120 Mesh 
+200 Mesh 
-200 Mesh 

Total 

4 .TO 
72 * 50 

4.57 
1.16 

17 07 

100.00 

0.1 
2.5 
0.9 
8.4 
9.1 

20.7 
58.3 

100.0 

SUbb i tu- 
mFnous 

!’At1 

11.0 
38.7 

4 -7 
45.6 

100.0 

12,760 

5.30 
66.60 

4.65 
2.46 

20 99 

100.00 

-- 
0.8 
1.0 

3.2 
5.9 

89.1 
100.0 

-- 

Ugni t e  

22.0 
29.0 
8.1 

40.9 
100.0 

10,800 

10.4; 
65.30 

4.29 
0.31 

19.70 

100.00 

-- 
1.0 
1.0 
0.1 
2 -7 
9.6 

85.6 
100.0 

1 
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Fixed Gases 

creased w i t h  increases i n  pretreatment temperature as i l l u s t r a t e d  by 
the  steam atmosphere data f o r  l i g n i t e  and bituminous coal shown in 
Fig. 2 .  
case of l i gn i t e  and subbituminous coal, and of gaseous hydrocarbons and 
hydrogen in case of bituminous coal. After. attainment of constant tem- 
perature, the rate of gas evolution decreased markedly w i t h  residence 
time as shown in Fig. 3 f o r  steam atmosphere runs w i t h  l i g n i t e  and b i t -  
uminous coal a t  maximum pretreatment temperatures of 520°F and 620°F, 
respectively. 

evolution from bituminous coal a t  a proximately 600°F maxirmUn pretreat- 
ment temperature are shown i n  Fig. .f Carbon dioxide evolution vas 
lowest in a steam atmosphere, probabiy as a result of substant ia l  car- 
bon monoxide formation, and was very rapid in an a i r  atmosphere af ter  
attainment of maximum temperature. The highest hydrocarbon evolution 
occurred in a steam atmosphere and the lowest hydrocarbon evolution 
occurred in an air atmosphere. 

higher than from bituminous coal in a l l  of the pretreatment atmos- 
pheres investigated. 
coal in the 60O0F runs was  approximately 0.5 SCF/lb (dry bas is )  and 
carbon dioxide evolution from lignite in the 500°F runs was about 0 .3  
t o  0.4 SCF/lb (dry bas is ) .  
high oxygen content coals under the above conditions was low and nor- 
mally ranged from 0.1 t o  0.2 SCFbb (dry basis)  w i t h  the hydrocarbon 
formation being even lower in an a i r  atmosphere. 

In a l l  of the runs the cumulative volume of fixed gas evolved in- 

The evolved gases consisted primarily of carbon dioxide in 

The effects  of pretreatment atmosphere on the rate of f ixed gas 

Carbon dioxide evolution f o r  subbituminous coal and l i g n i t e  was 

Total carbon dioxide evolution for subbituminous 

Hydrocarbon evolution f o r  these re la t ive ly  

r- Residual Chars 
The chars showed re la t ive ly  uniform decreases in vo la t i l e  matter 

w i t h  increases i n  pretreatment temperature, independently of other pre- 
treatment conditions (Table 2 ) ;  the effectsof  pretreating atmosphere 
composition on the quantity and composition of fixed gases evolved were 
not ref lected in the proximate analyses. 
selected chars (Table 2 )  a l so  showed l i t t l e  var ia t ion w i t h  pretreatment 
conditions in the 500° t o  700°F temperature range. However, the extent 
of agglomeration varied considerably w i t h  the composition of the pre- 
treatment atmosphere as well as w i t h  pretreatment temperature. This 
is shown i n  Fig. 5 which indicates a well-defined trend of increases 
i n  agglomeration w i t h  increases in temperature f o r  the pretreatment of 
bituminous coal i n  a steam atmosphere, and a tendency f o r  considerably 
greater agglomeration i n  carbon dioxide and steam atmospheres as com- 
pared t o  nitrogen and air atmospheres. The greater agglomeration of 
bituminous coal in steam a d  carbon dloxi&e appeared t G  be related t o  
the large evolution of hydrocarbon gases under these pretreatment con- 
dit ions.  

In  contrast t o  this behavior, subbituminous coal and l i g n i t e  did 
not agglomerate s ign3 ican t ly  over the en t i re  range of pretreating 
conditions. This follows the trend of decreases i n  agglomeration w i t h  
decreases in hydrocarbon evolution. However, subbituminous coal and 
l ign i t e  exhibited some tendency towards increased agglomeration a t  the 
higher temperatures, and i n  steam and carbon dioxide atmospheres. 

In  a l l  the pretreatment runs, the amount of dr ied coal converted 
t o  gases was quite s m a l l  ( 2 .5  t o  9.9 weight percent of charge). 
heatlng values of the t o t a l  product gases was low, normally l e s s  than 
200 Btu/SCF, except in  s t e a m  pretreatment runs i n  which gases w i t h  
heating vaJues i n  the 200 t o  1000 Btu/SCF range were evolved. 

The ultimate analyses of 
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P R E T R E A T M E N T  T I M E ,  M I N U T E S  

Fig. 4. -EFFECT OF GAS ATMOSPRERE ON RA!!X OF EWL;IJTION 
OF CARBON D I O X I E  AND GASEOUS HYDROCARBONS F'ROM 
DRIED ILLINOIS HIGH-VOLATILE "B" BI!TUMINOUS COAL 

SCREEN ANALYSES OF CHARS FROM 
PRETREATMENT IN. VARIOUS ATMOSPHERES 

N. AIR eo. STEAM 
AT 605 -620'F 

+ 4 0  MESH + 200 MESH 

+lOOMESH -200MESH 

Fig. 5.-EF!FECTS OF PFETREAT?4E2iT !lXMPEBATURE & $ $  
GAS ATNOSPHEm ON PARTICLE SIZE DISTRIBUTION OF 
DRIED I U J N O I S  HIGH-VOLATILE! "B" BITWINOUS COAL 



HmROGENOLYSZS CIiARUCTERISTICS OF PRETREATED COAL 

The reactivities of the chars in respect to gaseous hydrocarbon 
formatim were evaluated in batch hydrogasification tests. 
ditions vere: 1000 to 1010 psig Fnitiai hydrogen pressures at Foom 
temperature, approxhately 60- gram sample size, 1350°F maximum reaction 
temperature ana 25 minutes run 6uration at max3im.m temperature. 
charge quantities corresponded to a hydrogen/coal ratio of 17 SCF/lb 
and gave m x l m m  reactor pessures of 2900 to 3300 p8ig (Table 3 ) .  
The char charge to the reactor was obtained by sanplhg the residual 
chars from the pretreatment runs wikh a small riffle sailer end crush- 
ing to minus G O - q s h -  size. 

The threshold temperat-iesreported in Table 3 correspond to 
the point at which the number of moles of gas in the reactor passed 
through a maximum due to initiation of the hydrogenolysis reactions. 
Reactor pressures increased nearly linearly with increases in tem- 
perature up to the threshold temperature (approximately 950° to 1050OF) 
and passed through a maximum at temperatures of 1100O to 1200'F. A s  
the reactor attained the naximum run ten;prature, the presswes de- 
creased rapidly and then continued to decrease at a lower rate during 
the remainder of the run. These characteristics of batch hydrogen- 
olysis were similar to those reported previauslg.2s 

Test con- 

These 

._ - 

Effects of Pretreatment Conditions on Hydrogenolysis Yields 
It can be observed from Table 3 that th e net B t u  recoveries and 

gaseous hydrocarbon yields for each- of the three coals Jnvestigated fell 
within relatively narrow l M t s  because of the similarity in char pro- 
perties. (Net Btu Recovery is defined as the product of gas ield and 
heating value, minus the initial hydrogen heat of combustion.7 However, 
there was a clear indication that optimum conversion to hydrocarbons 
at the time the reactor attained 1350°F occurred with bibmaous and 
subbituminous coal chars prepared at 6000~, and with lignite char pre- 
pared at 5OOOF. Further, when comparing the results with the chars 
prepared at these optimum temperatures in the four Wferent atmos- 
pheres (nitrogen, air, carbon dioxide and steam) the net B t u  recoveries 
of the chars prepared in a cai-bon dioxide atmosphere were lower for 
each of the three coals. 

These data indicate that the occurrence of optimum pretreatment 
conditions insofar as hydrogasification yields are concerned are the 
result of two factors: (1) increase in reactivity of the char to a 
maximum value as pretreatment temperature Fs Lncrsased, followed by 
reactivity decrease as low-temperature carbonization temperatures are 
approached and (2) continuous decrease in the content of relatively 
easily hydrogenable materials as pretreatment temperature is increased. 
T'ne increased quantities of coal converted to liquid products with in- 
creases in pretreatment temperature (Table 2) are a.n indication of the 
l o s s  of the more reactive coal constituents which eventually offsets 
any general increase in reactivity due to pretreatment. 

air-pretreated, and from dried bituminous coal, are compared. 
be seen that at least ten additional minutes of residence time at 
135O0F would be required for the dried coal to yield product gases 
similar to those obtained with pretreated coal at the time the re- 
actor attained 1350OF. In Table 4 the effects of steam and air 
pretreating on hydrogasification rates are shown for bituminous coal 
and lignite. 
is illustrated by the fact that a gas of 67.5 mole $methane plus 
ethane content was produced from the pretreated sample (Run 112) 
upon attainment of a reactor temperature of 1275OP, o r  15 minutes 
before reaching the maximum reaction telliperature of 13500~~ whereas 

In Fig. 6 the rates of methane-plus-ethane production from 7200~ 
It can 

%e increase in the reactivity of the bituminous coal 
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in- th€-coqargbie -test w i t h  the dried coal (Run 67) the product gas 
CoEtained only 21.1 mole 5 me+hme plus ethane a t  &the time a reactor 
temperaiure of 135OGF w a s  attained. 

Pretreatment Losses 
Because of evolution of sGbstantia1 vnounts of gaseous hydro- 

cax-bons and of l iqu id  products &uring pretresment  of  bi txdnous 
coal (Table 2 )  the increase i n  reac t iv i ty  t o  hydrogenation was accom- 
panied by a decrease in ultimate gaseous hydrocarbon yield and net 
B t u  recovery. However, a substantial  portion of these pretrea-tment 
losses can be recovered in the form of fue l  gases produced during 
pretreatment; steam pretreatment o r  bitmxinous coal yields high 
heating value product gases sui table  f o r  addition t o  the pipeline 
gas formed in the hydrogasificatron step.  
is essent ia l  In reduclng or  eliminating agglomeration 03 coking or 
caking coals to  be used as feeds t o  moving-bed o r  fluid-bed hydro- 
gasif icat ion processes s o  that pretreatment losses must be considered 
a character is t ic  of bituminous coal operation. 

The effects  of steam pretreatment on the hydrogasification 
product dis t r ibut ion f o r  dried I l l i n o i s  high vo la t i l e  "B" bitunin- 
ous coal are i l l u s t r a t ed  by Fhms 67 and 112, Table 4 .  N e t  B t u  
recoveries and gas yields are reported on an as received basis as 
well as on the basis of the actual  dried o r  pretreated coal charge 
t o  permit direct  comparisons of the results. It can be seen that 
fo r  approximately equal product gas compositions (after 25 minuzes 
a t  135OOP fo r  the dried coal and a t  0 minutes at 1350°F f o r  the pre- 
t reated coal) substant ia l ly  higher conversions were obtained with 
the dried coal. A clearer picture of the r e l a t ive  yields w i t h  and 
without pretreatment can be gained from the following data sumroarg 
based on 100.0 weight units of moisture-ash-free bitumFnous coal 
and on char or residue yields corrected t o  loo$ material balance 
(the lower conversion of the pretreated coal w a s  probably i n  part 
due t o  the somewhat lower hydrogen/coal r a t i o  employed): 

Further, pretreatnent 

-Steam, 620- 
None Pretreatment (Run PR-19) - 

Char ( Moisture-Ash-Wee) 90.4 -- 
Condensates 4.4 -- 

GO, CO2 1.8 -- 
Hydrogen Trace -- 
Gaseous Hydrocarbons 3.4 -- 

Product 

N e t  Water and Other 

0 Minutes a t  1350°F 2 5  Minutes a t  1350OF 
Hydrogasif icat ion . (m 67) (Run 112) 
Feeds 

C h a r  or  Coal (Moisture- 
Ash-Free) 90.4 

Residue ( Moisture-Ash-Free) 43.1 

Hydrogen 8.9 

Condensate s 1.9 
COY CO2, N 2  3.4 
Hydrogen 1.5 
Gaseous Hydrocarbons 49.4 

Products 

100.0 
9.4 
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The comparative perfornance of dried and air-pretreated (520'F 

m a x i m u m  temperature) l i gn i t e  i s  shown in Run 71 and 140, Table 4. In 
these runs the quantity of sample was reduced t o  correspond approx- 
imately t o  60 grams on an as-received basis .  
demonstrate that essent ia l ly  complete conversion of lignite t o  a 
hf& heating gas i s  possible at short residence times if suf f ic ien t  
amounts of hydrogen are provided. In sp i t e  of  the high i n i t i a l  re- 
ac t iv i ty  of the l ign i t e ,  pretreatment resul ted in further increases 
in react ivi ty  although these increases were re la t ive ly  s m a l l ;  methane 
Plus ethane contents and gaseous hydrocarbon yields ,  upon attaln- 
ment of 135O0F reactor temperature before and after pretreatment were 
60.0 and 74.7 mole $, and 11.45 and 12.25 SC?/lb (as received basis), 
respectively. However, there were o,?ly minor differences in ulti- 
mate net B t u  recoveries and gaseous hydrocarbon yields f o r  the dried 
and pretreated lignite. The higher volumetric gas yields  and weight 
percent hydrogasification gields for  the dr ied l i gn i t e  were primarily 
the result of substantial  carbon dioxide evolution; the pretreated ' 

sample had already evolved most of the carbon dioxide p r io r  t o  hydro- 
gasification. %-AIS, it appears that the major benefit  of' l ignite 
pretreatment would be the increase in product gas heating value (80 
to 90 Btu/SCF on the basis  of the data of Table 4 ) ,  due t o  reduction 
of carbon dioxide content; increases i n  reac t iv i ty  would probably 
not jus t i fy  pretreatment and l i gn i t e  PAS l i t t l e  agglomeration 
tendency. 
tween that of bituminous coal and l i gn i t e  on the basis of less 
complete data than presented f o r  the other two coals. 

Amlomeration of Hydrogasification Residues 
One of the objectives of the hydrogenolysis tests w i t h  pre- 

t reated coals was  t o  determine s variations in agglomeration of the 
hydrogasification residue could be related to pretreatnent conditions. 
A s  noted before, a sample of the char from each pretreatment run was 
ground to  minus 60-mesh t o  approximate constant in i t ia l  conditions. 
Although this procedure was probably Inadequate insofar as the s ize  
dis t r ibut ion of minus 60-mesh part ic les  is concerned, it can be seen 
from Fig. 7 that the degree of agglomeration indicated by the per- 
centage of  plus 40-mesh par t ic les  in the hydrogasification residue 
followed the degree 
pretreatment (FiR. 5 ) .  Increases i n  metreatment temera ture  re- 

This was done t o  

The behavior of subbituminous coal appeared t o  f a l l  be- 

of aglomeration of dr ied bitmanous coal during 
~~ 

sul ted in increased- agglomeration of -the residue, and* agglorneration 
during hydrogasification increased w i t h  various pretreatloent atmos- 

dioxide. 
' pheres in the following order: a i r ,  nitrogen, steam and carbon 

Hydropasification Characterist ics of Low-Temperature Chars 
An indication of the reac t iv i t ies  of low-temperature chars and 

cokes produced w i t h  the Bureau of Mines22J23 and Disco16 processes 
can be obtained by cojxparison of the batch hydrogasification t e s t  
resu l t s  shown i n  Table 5 w i t h  the data f o r  the pretreated coals re- 
ported i n  Table 3. It can be seen that ,over  40 weight percent of 
these low-temperature carbonization products were converted t o  gases 
w i t h  heating values of 760 t o  880 Btu/SGF a t  1350OF and 2400 t o  3100 
psig, employing a hydrogedcharge r a t io  of 17 SCF/lb. 
coal conversions i n  these t e s t s  a r e  quite low, the data nevertheless 
serve to  indicate the poss ib i l i ty  of obta-g high-heatlng value 
gases from non-agglomerating chars from which a major portion of 
reactive coal constituents have been removed under the r e l a t ive ly  

I severe pretreating conditions employed in low- temperature carboni- 
zation processes. 

Although the 
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coNcLusIo~s 
The results of t h i s  study indicated that a representative sub- 

bituminous coal and North Dakota lignite shared re la t ive1  
agglomeration when pretreated i n  a fluid-bed r e t o r t  with 
SCF/lb-hr of nitrogen, a i r ,  carbon dioxide and steam a t  temperatures 
of 400° t o  6000~ and atmospheric pressure. 
bituminous coal agglomerated t o  an increasing degree w i t h  incpeases 
i-? ?retreatment temperature from 5000 t o  700 F. This agglomeration 
tendency w a s  greatest  in carbon dioxide and steam atmospheres, and 
re la t ive ly  small in air and nitrogen atmospheres. The amounts of 
f ixed gases evolved (2.5 t o  9.9 w t  $ of the dry charge) increased 
with increases in pretreatment temperature, and a t  any constant tem- 
perature, the rate of f ixed gas evolution decreased w i t h  increases 
i n  residence time. The predominant constituents in  the gaseous pre- 
treatment products of the bituminous coal were parsff ins  and olef ins ,  
whereas the subbituminous coal and the lignite evolved primarily 
carbon dioxide. 

hydrogasification t e s t s  a t  a maximum reactor  temperature of 135OoF 
and a maximum pressure of approximately 3000 psig, f irst  increased 
t o  a.n optimum value w i t h  increases in pretreatment temperature, and 
then decreased as a result of increased evolution of eas i ly  hydro- 
genable tar and other vo la t i le  combustibles. The optimum pretreat-  
ment temperature appeared t o  be 600% f o r  bituminous and subbituminous 
coal, and 500°F f o r  lignite. Chars produced at constant Pretreatment 
temperature in nitrogen, air  and steam atmospheres shoved l i t t l e  
var ia t ion in react ivi ty .  However, carbon dioxide-treated chars 
showed consistently lower reac t iv i t ies  than nitrogen, a i r  and steam- 
treated chars,_ 

The chars, general, produced 50 t o  55 w e i g h t  percent of 
(moisture-ash-free basis)  of pipeline gas contaTMq 70 t o  80 percent 
of methane plus ethane a t  the time 13500F w a s  reached when using a 
charge of ap roximately 17 SCF of hydrogen per pound of char. 
e r  hydroge&bar ra t ios ,  substantially higher w e i g h t  percent conver- 
sions of lignite t o  gaseous hydrocarbons were obtained. 

end of hydrogasirication t e s t s  i n  general followed the trends of the 
pretreated chars. Steam and carbon dioxide treatments. and h i r z h  

l i t t l e  
t o  6 

A high-volatile "B" 

Reactivit ies of the pretreated chars, as determined In batch 

A t  high- 

The par t ic le  size- dis t r ibut ion of the residues obtained a t  the 

pretreating temperatures, caused greater agglomeration during-hydro- 
gasification. 

react ive chars from l i g n i t e  and subbituminous coal f o r  fluid-bed 
hydrogenation t o  pipeline gas w i l l  be feasible.  Although substant ia l  
agglomeration durlng pretreatment or  hydrogasification w a s  noted w i t h  
bituminous coal, the data also show that chars sui table  f o r  conver- 
s ion i n  a continuous fluid-bed hydrogenation unit could be produced 
by t reat ing the bituminous coal i n  a fluid-bed a t  6009, in atmos- 
pheres of air, nitrogen and possibly steam. 

These data indicate that the production of non-agglomerating, 
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